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© Process for increasing the cetane number of diesel fuels. 



© The cetane number of a middle distillate fuel fraction is increased by contacting said fraction with oxygen or 
oxidant, in the presence of a catalyst, for a time sufficient to increase the cetane number. The catalyst 
se lectively oxidizes benzylic carbon atoms present in the fuel to ketones. The fuel is preferably hydrorefined 
""Before being setectivelyTSXidteed: 
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PROCESS FOR INCREASING THE CETANE NUMBER OF DIESEL FUELS. 



BACKGROUND OF THE INVENTION 
Field of the Invention 
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Thjs invention relates to a process for improving the cetane number of middle distillate fuels. More 
particuterly. this invention relates to a catalytic process for improving the cetane number of a hydrotreated 
diesel fuel containing aromatic and hydroaromatic compounds by selectively oxidizing, in the presence of a 
suitable catalyst, at least a portion of the benzylic carbon atoms present in said compounds 
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BACKGROUND OF THE DISCLOSURE 

The cetane number of a middle distillate diesel fuel is a measure of the ignition quality of the fuel. Fuels 
having a low cetane number frequently may be characterized by poor cold weather starting, long ignition 
delays, increased combustion noise and even misfiring. 

„ °1 imp [ ovin9 * e cetane numb8r of tols have taken on increasing importance as the refinery ^ 

product date has changed and as the quality of the crude feedstocks has declined. The heavier crudes O 
currency being processed normally produce less virgin middle distillate, and the distillate which is produced 
tTJ°iJl 4 ^ ? !TV ,Uality - M ° reover ' * 9 decline in residual *«• °« consumption often requires 

!Lili K P !?° n 6 b ° tt0mS pr0duC8d 159 upgraded b * crackin 9- ™» "Pgra^d middle distillate 
frequency is high in aromatic content, resulting in a low cetane rating. In addition, the rate of consumption 

IS?? "V"T* C ° UntrieS haS b8e " relative,y flat in recent W *e consumption of 

! i «, t f 1 b8 A e "j nCreaSin 9- To increase * *»■ Paction, frequently kerosene rich cuts 

th! J??? !"„ fUeL Addit ° n ° f keK>Sen8 ri0h CutS ' wnich have hi 9 h blending numbers, to 

ttie jet fuel necessanly decreases the quantity of kerosene available for use in diesel fuels. These factors 
have combined to make it increasingly important to maximize the quantity of middle distillate produced and 
to improve the cetane rating of the middle distillate fuels. 

diJLnS n d Tj fPP~aches have been taken in order to improve the cetane rating of middle 

£S21 J • K- m h 9 ^ t0 btend middl8 diStil,ates havi "9 tow C9tane "umbers with other 

feedstocks having higher cetane numbers. Another method has involved the addition of cetane improvers 
such as aikyl nrtrates. in order to raise the cetane number of the distillate. However, one does not always 

£T„I e S y Tiff feedStOCkS * hi9h °*» rafin9 to b,end •» middte fuels. In generate 

cetane ratrng distillates are used as fuels in more demanding applications, such as jet fuels Addition of ' >k 
cetane improvers such as alkyl nitrates is not always desirable, since one may incur the possible loss of ' 
desirable fuel stability properties. ^ 55 01 

,™ M ft m i e l.° f diffefent °, xy9enation P rocesses have been suggested in the past Thus. U. S. patent 
2521.698 discloses a partial oxidation of hydrocarbon fuels to improve their cetane rafings. This paten 

« SSSSSi?^, Sh ° U,d ^ 3 re,afiVe ' y ^ nn9 «** «« a hi 9" P^nif conintTs! 

40 patent 2.912.313 discloses an increase in cetane number obtained by adding both a peroxide and a dihalo 

STSlr? ^ a S - 2,472,1 52 diSdOSeS a Process for ^ovingfte ooLTn^f 

fn^nS " V OX,datl0n ° f cvclic hydrocarbon or naphthenic hydrocarbons in said fractions to 

form naphthenic peroxides. The disclosure suggests that the process may be accelerated in the presence 

« !I« i f "* 38 *" init,at ° r - bUt iS Preferab,y ^P'fched in the presence of an Snorgante >■ 

St™, T t n f Phtheni ? P8r0XideS 3/6 diSC ' 0Sed 35 bei "9 9 um initiatore - Consequently, gum 
.nr»brtors such as phenols, cresols and cresylic acids must be added to the oxidized material to reduce or 

prevent gum formation. These latter compounds are toxic and carcinogenic. 

"? IT ' 961 re,ateS t0 impravin9 the ceiane number of raw - untreal ed diesel fuel fraction by 
» ZXT*??- T n * 3 temperature of from 50 to 350-C and under mild oxidizing conditions with a 
1TZ ° £ ^ earth meta ' perma "9anate. ii) an oxide of a metoPcf Groups IB, IIB 
HIB, IVB, VB, VIB. VIIB or VIII of the periodic table or iii) a mixture of i and ii. 
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SUMMARY OF THE INVENTION 

Those skilled in the art know that middle distillate fuel fractions obtained from various refinery streams 
contain various aromatic and hydroaromatic hydrocarbon compounds which have benzylic carbon atoms. 

5 The present invention relates to a process for increasing the cetane number of middle distillate fuels by 
selectively oxidizing, in the presence of a catalyst at least a portion of the benzylic carbon atoms present in 
said aromatic and hydroaromatic hydrocarbon compounds present in said fuels to ketones. Thus, according 
to the process of this invention the cetane number of a middle distillate fuel containing benzylic carbon 
atoms may be increased by contacting said distillate, with oxygen or a suitable oxidant in the presence of a 

w suitable catalyst, for a time sufficient to oxidize at least a portion of the benzylic carbon atoms present 
therein to form alcohols or ketones. By selective oxidation is meant that of that portion of the benzylic 
carbon atoms present that are oxidized employing the process of this invention, at least about 85% thereof 
are oxidized to ketones. 

In one embodiment, the raw or untreated distillate fuel fraction will be catalytically hydrotreated or 
75 hydrorefined in order to increase the number of benzylic carbon atoms present therein to be selectively 

oxidized according to the process of this invention. Such hydrorefining also reduces the amount of sulfur 

and nitrogen present in the fuel. 

The temperature employed in the process of this invention must be kept low enough (i.e., no greater 

than about 200°C) to avoid attack on the much stronger bonds of the primary, secondary and tertiary alkyl 
20 carbon-hydrogen bonds of the paraffins and cycloparaffins and the much stronger carbon-hydrogen bonds 

of the aromatic ring which would reduce the cetane number of the fuel. 

The process of this invention may be employed with all or a portion of the middle distillate or desired 

fuel fraction thereof. In one embodiment, at least a portion of the aromatic and hydroaromatic compounds 

will be separated from the distillate. Such separation may be accomplished by various means such as 
25 extraction, distillation, selective absorption, etc. The separated portion, rich in aromatic and hydroaromatic 

compounds containing benzylic carbon atoms will then be selectively oxidized according to the process of 

this invention. All or a portion of the oxidized material may. if desired, be blended with a fraction having a 

poor cetane rating. This is illustrated, as follows, for the case where the separation is accomplished by 

extraction. 

30 ... . Thus, in one embodiment, at least a portion of the aromatic and hydroaromatic compounds which 
contain benzylic carbon atoms will be extracted from the distillate. The so-formed extract will then be 
oxidized by contacting same with oxygen or a suitable oxidant in the presence of a suitable catalyst for a 
time sufficient to selectively oxidize at least a portion of said aromatic and hydroaromatic compounds at the 
benzylic carbon atom position to form ketones. At least a portion of the oxidized extract will then be 

35 blended back into the extracted distillate to form a middle distillate fuel of improved cetane number. 

in another embodiment, at least a portion of an unextracted fuel fraction will be oxidized according to 
the process of this invention and utilized as a fuel of improved cetane number or blended with an 
unoxidized fuel fraction to improve its cetane number. 

By benzylic carbon atom is meant a carbon atom directly bond to an aromatic ring, but which itself is 

40 not a part of an aromatic ring. Illustrative, but non-limiting examples include tetralin which has two benzylic 
carbon atoms, aikylbenzenes which have at least one benzylic carbon atom and indanes. 
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DETAILED DESCRIPTION OF THE INVENTION 



As set forth above, the present invention relates to increasing the cetane number of a middle distillate 
fuel fraction by contacting said fraction, or at least a portion of said fraction which contains aromatic and 
hydroaromatic hydrocarbon compounds having benzylic carbon atoms, with oxygen or a suitable oxidizing 
agent, in the presence of a catalyst, for a time sufficient to oxidize at least a portion of the benzylic carbon 
so atoms present in said fraction to alcohols or ketones. 

Those skilled in the art know that middle distillate fuels comprise petroleum refinery hydrocarbon 
fractions boiling within the general range of about 300-850°F and possess aromatic and hydroaromatic 
hydrocarbon compounds which contain benzylic carbon atoms. Within this broad fraction are included 
kerosine and jet fuel fractions and truck, train and marine diesel fuel fractions. The raw, untreated fraction is 
obtained as a petroleum refinery distillate and comprises various paraffinics, cycloparaffins. hydroaromatic 
and aromatic compounds, as well as various sulphur and nitrogen containing compounds. At least a portion 
of the hydroaromatic and other aromatic compounds present in these fractions, particularly the diesel fuel 
fractions, contain benzylic carbon atoms. The selective oxidation of the benzylic carbon atoms present in 
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mT.£72£ « ket0neS ' ParUCUlarly ketones ' has been fo"nd to substantially increase 

nrJl^Tf T ^ 11 h3S b8e " found 0,31 <8ddaBon of *° P^ns and cycloparaffins 

s^ l in S ri „n ♦V ° f ° r hydroaroma « c "-"Wis at non-benzylic carbon positions 

such as in the ring to form a phenol, adversely affects the cetane rating of the fuel 

5 0 xid!!!S? TJT***** tomographic analysis have shown that the relatively low temperature 

K^LS^^./^-" 1 ^ 0Xidi2eS me ben2y,ic «oms of the aromatic and 

hydroaromatic components present in the fuel fraction to the corresponding ketone or alcohol. By selective 

o^of r fi eam *f " *? POrtl0n ° f tte ben2yBC ^ ^ ****** ^ oxJdifed empio^ th 
to £££ ' * te3St ^ 85% ' and more 9enera "y 31 least ■«"* 90% thereof are oxidized to 

Pr0CeSS ° f ** inVenti0n to i,,us,rated * toe Nation of tetralin to tetralone, according to the 
EE ™ 2T S6t ^ bB ' 0W - T6tralin has benz y» c carbon atoms on the saturateo^no IV* M 
and 4 position. However, only the reaction with the carbon atom in the 1 position is illustrated^ 
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Tetralin Tetralin Tetralone 

Hydroperoxide 

25 hac 1^! jf 3 "" J i"!* 8 ^ °* idi2ed to »• hydroperoxide at one of the benzylic carbon atoms. However ft 
TJZT* i 5* !? ° f 8 CatalySt V9ry ,itHe C- e - 5%) oTthe hydro peroxii wSSrt 

mpmve cSeTumt 3 Jf* "SS * ^ OXX98nated produCtS «■ * tomSfSiTS 
.mprove cetane number. Ketones are preferred over alcohols as the oxygenated products of the benzvlic 
carbon atoms, because the alcohols are more susceptible to separation, waW retenSoZfc. ^ 
OT num Sr'IS Sfl" befoW ** "J* ketone8 «' alcohols - ^'arly ketones, have a much greater cetane 
kT 8 T P0UndS ^ b8n2y,ic carbon *«» have «« so oxidized. 

hvd^ST™ n 0"-"""fn9 examples of benzylic carbon containing aromatic and hydroaromatic 
22S^I """P 0 ""* P rese "t fiddle distillate fuel fractions include alkylbenzenes. alkylnapSeTs 

TTTJSfS^^ hydrophenlnthrenes. 

i , d, 4 and 5 below set forth the change in cetane number achieved by oxidizing a benzvlic carbon oresent 

SrcalTIf hyd : 0ar0matiC hydroca *°" compounds to alcohols mfj£%££ 
Sl f^ r ta,n " 19 com P° unds 861 forth ^ these tables further illustrate such compounds 

22? JLT ^ P T 8SS ° f MS inV8nti0n - ln TaD,e 1 - 811 * * e oompoun* except MtoBSS 
contain at least one benzylic carbon. In Tables 3 and 4 all of the compounds Contain at le^XnS 
carbon atom and in Table 5. all of the compounds except the n^ZZ £?5££5Si ^25 
one ben^ carbon. None of the compounds set forth in Table 2contain a benzylic f atom 

It s preferred to hydrorefine or hydrotreat the fuel fraction or distillate before selective* oxi**™ »,« 

5J-f£ r r !T !"* hydrorefin&19 nun^oft^c^lm 
Pr ^! nt sa,d Action. 11 also reduces the sulfur and nitrogen content of the fuel which may be necessav 
ZT^^Z ? ^aat required specifications, such as ASTM D 975. The hydroreSngfe S^SSZ 
by contacting the desired fraction, at elevated temperature and in the presence of hydrogen with a su teble 
catalyst for a time sufficient to reduce the sulfur and nitrogen content thereof and S tfTnumbefof 
at0mS ' ^ hydr0r8fin8d fraCti0n iS ^.ectiveiy oxidized £3^2 ££ J 
Suitable hydrorefining catalysts and conditions are well known to those skilled in the art In o en p ra i 
Vi^t pL'T? r " more h h ^"ating metal component Se^ from 

tife aluiL 2 5 ° ?' 8 ° n 3 SUitaDle in ° r9anic refractor y meteJ oxide support, such as alumina 
sjca-alumina, etc. The support may contain components which provide certain aa<Sng functionality Teh 

7 SSI! m i °r etC ' A ^ hydr0r6finin9 ^ in c ^cial use today lompri es VmSe 
ZZ1T*™Z mm SUPPOrted 0n a " alumina ^P 0 * ^ hydrorefining conditions LTude a 
2^?^ ™*^ ran9 " 19 between ^ 150-500-C, preferably about 200-400'C a pressure of from 
about 00-2 000 psi and preferably about 250-1.500 psi. a liquid hourly space vetoed iiRL S 

SoSoOO S " t0 6 ^ and 8 Mr09en 935 rate ° f fr0m about 2oS 
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As set forth above, the process of this invention relates to a relatively low temperature process for 
selectively oxidizing the benzylic carbon atoms present In the aromatic and hydroaromatic components of 
the particular fuel fraction or middle distillate fraction that it is desired to improve the cetane number of. In 
accordance with this process, all or a portion, and preferably an extracted portion rich in aromatic and 
5 hydroaromatic compounds, will be contacted with oxygen or oxidant in'the presence of a suitable catalyst at 
a relatively low temperature ranging from about 50-200°C, preferably 50-150'C and still more preferably 
50-1 00° C for a time sufficient to oxidize at least a portion of the benzylic carbon atoms present in such 
fraction to the corresponding ketone. 

The complete fuel fraction may be contacted with oxygen or an oxidant at relatively low temperature 

70 employing one or more catalysts useful in the process of this invention to selectively oxidize the benzylic 
carbon atoms present in the aromatic and hydroaromatic compounds present in the fraction to ketone 
compounds possessing higher cetane numbers. However, in some cases it will be preferred to extract the 
predominantly aromatic and hydroaromatic compounds containing such benzylic carbon atoms from the 
distillate or fraction employing a suitable extractant, such as SO2. to form a raffinate and an extract rich in 

75 said aromatic and hydroaromatic hydrocarbon compounds and a raffinate reduced in aromatic and 
hydroaromatic hydrocarbons. The so-formed extract will then be contacted with oxygen or an oxidant 
according to the process of this invention. In the latter case, at least a portion" of the oxidized extract will 
then be blended back into the raffinate in order to produce a fuel possessing improved cetane number. 
By oxygen or suitable oxidant is meant air, pure oxygen, peroxides, hydroperoxides, persulfates, 

20 perforates, etc. By catalyst is meant either an oil or water soluble or insoluble compound, other than an 
oxide, of one or more catalytic metals selected from the group consisting of tin, antimony, lead, bismuth 
and transition metals of Groups IB, IIB, VB, VIB, VIIB and VIIIB of the Periodic Table. Illustrative but non- 
limiting examples of metals from these groups which will act as catalytic metals in the process of this 
invention include copper, zinc, vanadium, chromium, manganese, iron, cobalt and nickel. The catalytic 

25 process of this invention may be accomplished either heterogeneously or homogeneously. Thus, the 
catalytic metal compound may be an oil soluble metal salt such as cobalt naphthenate, in which case the 
catalytic process will be accomplished homogeneously. On the other hand, the catalytic metal compound 
may be insoluble in both oil and water. In this case* the insoluble, non-oxide catalytic metal compound may 
be in a bulk form or supported on a suitable support material. In another embodiment, the catalyst may be 

30 in the form of a water soluble metal salt, such as copper sulfate, an aqueous solution of which will be 
dispersed in the fuel fraction to be selectively oxidized according to the process of this invention. Preferably 
the catalyst will be one or more oil or water soluble compounds. 

The effect of cetane quality of molecular changes In compounds present in middle distillate fuel and 
their corresponding oxygenated compounds was determined by measuring their cetane blending numbers 

35 in a number of diesel fuels covering a range of compositions and cetane numbers. The measurement of 
cetane blending numbers, although more difficult to accomplish than simply measuring a cetane number, is 
important, since the oxidized compounds are used in blends and diesel fuels rather than as individual pure 
compounds. The effect of blending different compounds on the cetane number cannot be predicted based 
on the cetane number of the individual compounds, since currently there are no relatively accurate cetane 

40 blending-correlations. Moreover, the measurement of the cetane blending number was necessary, since 
compounds having a cetane number below about 20 cannot be measured in a cetane engine. 

To minimize data scatter and the effect of random variables, a series of six measurements was 
conducted on each additive tested to determine the average cetane blending number. Base pools were 
prepared from refinery diesel blending stocks and blended to provide a range of cetane levels, i.e., a low 

45 cetane fuel (approximately 38 cetane number), a medium cetane fuel (approximately 41 cetane number) 
and a high cetane fuel (approximately 49 cetane number). The cetane numbers of each diesel pool were 
measured each time immediately prior to measuring the cetane number of the pure compound in the diesel 
pool. The cetane blending number of various pure compounds generally was determined at the 20 weight 
percent level in three different diesel pools and the results arithmatically averaged. A weight concentration 

50 rather than a volume concentration was used in preparing the blends because many pure compounds which 
were tested are solids at room temperature. 

The cetane blending numbers were calculated according to the following linear blending equation: 

55 CBN = CNaipnd - U-X)CN Raga 

X 

where: 

X = fraction of compound added to base pool to form blend; 
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CBN = calculated cetane blending number. 

^ , mm 1 i e ,^!f t K 0 L addin L an . a, f OhO, • tetone ' ester and etne ' functionality to a paraffin, cycloparaffin 
h ^ omatlc hydrocarbon compound is shown in Tables I and II m these taSKe 
average cetane blendmg numbers of the three pools are shown. The average cetane blending number of 

m r a n^r und s 8h r n< ^ change in ^ 52* 

<+) for an i increase .n cetane number and preceded by a minus (-) for a decrease in cetane number As 

D S„' n i I abl8 i a S. din9 ^ fUnCt '° nality to a *y*™™>«° ^ to alkyl aroJ^ZbSzyt 
EL^T !l cetane blending number. By contrast, as shown in Table II, adding ^en 

ITSE^T"? "itT - !? redUC8d «" 0B * ni blendin 9 number - sh °™ TabfesTanS 
tefSTS nhiTf S?!!^ ** af0matiC h 8 "on-benrylic side chain position or directly to *e 
nng to form the phenol, reduced the cetane blending number 

nnJlT^^ 6 ^ 9ena l d 8nd l0Cati0n of fte oxy 9 en tonality also affects the cetane number of 

noS Snf^JT**™ C0 " ,P0U " dS - ^ Sh0W ° in Tab,e 35 *">™ tonality !s aTdS to 
normal octane the least loss of cetane quality occurs at the primary position and progressively create 7o« 
of cetone quality occurs as the functionality is moved toward the center of the iwEKSSS aS 

causes the least loss at the pnmary position as compared to an interior position. 
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Improvements in the cetane numbers of certain aromatic and hydroaromatic, hydrocarbon compounds 
are dependent on the type and location of the functional group. The most effective compounds found for 
significantly increasing the cetane number are the hydroaromatics with the oxygenate functionality attached 
55 at a non-aromatic carbon, preferably to a benzylic carbon atom. As shown in Table III for alkyl benzenes 
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and in Table IV for alkyl naphthalenes, the maximum cetane number usually is achieved when the 
oxygenate functionality is attached to a benzylic carbon position. By contrast, as shown in Table V, when 
the oxygenate functionality is attached directly to the aromatic ring, a decrease in cetane number normally 
results. This is particularly the case when a hydroxy group is attached to the ring to form a phenol. 
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Table V 



Effect of Methoxy and Hydroxy Addition 
Directly to Aromatic Rings 



Base 

Hydrocarbon 
(Average Cetane 
Blending Number) 



Change in Average 
Cetane Blending Number 
of Oxygenated Compounds 
Relative to Hydrocarbon 



• Toluene 



P-Methylanisole 




(8.3) 
• Tetralin 




= -12.0 



6 Methoxy 1,2,3,4 Tetrahydr 
naphthalene 



(2.2) 



= +3.7 
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Table V - continued 



Base 

Hydrocarbon 



Change in Average 
Cetane Blending Number 
of Oxygenated Compounds 
Relative to Hydrocarbon 



Naphthalene 



oTo 




(21.9) 



1-Methoxynaphthalene 

OC 



A = -12-2 




• Biphenyl 

<°X2> 

(17.0) 



O-Methoxybiphenyl 
CO 



A a -2.9 



Toluene 





(8.3) 



A ■ -45.6 



Indaci 



5-Indanol 



OH 



(6.0) 



A = -51.3 
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Table V - 



continued 



Base 

Hydrocarbon 



Change in Average 
Cetane Blending Number 
of Oxygenated Compounds 
Relative to Hydrocarbon 



10 



is 



Tetralin 



©0 



5,6/7,8 Tetcahydro -2-. 
Naphthol 

..-©0 



20 



(2.2) 



= -39.9 
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<£*£> 



(17.0) 



2-Phenylphenol 



HO 
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When aromatic hydrocarbons are utilized, the maximum cetane number from oxygenation is achieved 
by converting poiynuclear aromatics, such as naphthalenes, phenanthrenes and mixtures thereof, to the 
corresponding hydroaromatics. Although conversion of the multiple ring compounds to cycloparaffins would 
result in a still higher cetane number, the cost is high for the cetane improvement obtained. This is 
attributable to the greater hydrogen consumption, higher severity and higher pressure operation required to 
completely convert hydroaromatics to cycloparaffins. Therefore, when poiynuclear aromatics are present, it 
can be seen that the present invention most economically can be practiced if the poiynuclear aromatics are 
partially hydrogenated to hydroaromatics and oxygenated, rather than being completely hydrogenated to 
cycloparaffins prior to oxygenation. It can be seen that partial hydrogenation, such as that which occurs 
during hydrorefining, followed by oxygenation may produce a substantial increase in cetane at a lower cost 
per cetane number increase than complete hydrogenation of the poiynuclear aromatic compounds to 
cycloparaffins. 

Since aromatic-rich refinery feedstreams have been found to have relatively low cetane numbers, and 
since oxygenated aromatic compounds exhibit a sharp improvement in cetane, one particularly attractive 
method for improving the cetane number is to oxygenate refinery streams which have relatively high 
aromatics contents, such as liquid cat cycle oils, liquid cat heating oils, coker liquids, and mixtures thereof 
Middle distillate fuels usually comprise a blend of refinery streams, such as virgin distillates, which have 
relatively high cetane numbers, and aromatics-rich process streams, which typically have relatively low 
cetane values. By oxygenating at least a portion of the aromatics-rich stream, increased quantities of the 
aromatics-rich stream can be blended with the virgin distillate to produce a middle distillate fuel having the 
same cetane number. Alternatively, the relative quantities of the aromatics rich stream and virgin distillate 
can be maintained constant, and the aromatics-rich stream oxygenated, thereby increasing the cetane 
number of the middle distillate product 



19 



0 252 606 



As previously stated, in some applications it may be desirable to separate refining streams comprising 
aromatics and paraffimc compounds into an aromatic-rich stream for subsequent oxygenation, and a 
paraffin.c-nch stream. One method for selectively oxygenating hydroaromatics and aromatic compounds 
white not oxygenating the paraffinic and cydoparaffinic compounds is to separate the feedstock into a first 
fraction relatively rich in hydroaromatic and/or aromatic compounds and a second fraction relatively rich in 
paraffinic and/or cydoparaffinic compounds. Among the preferred methods for separating the feedstock into 
the first and second fractions are distillation, extraction and adsorption on a solid adsorbent, with the 
preferred method being extraction. The hydroaromatic and aromatic compounds may be selectively 
oxygenated by passing oxygen and/or air through the compounds or by the use of chemical oxygen donor 
compounds (oxidants). 

The oxygenated aromatics and/or hydroaromatics preferably are blended with a fraction relatively rich in 
paraffin and/or cycloparaffins. such as a virgin distillate, to produce a middle distillate fuel having improved 
cetane. Alternatively, the oxygenated first fraction could be used as a diesel fuel alone 

The particular streams which are to be oxygenated, the extent to which each aromatic stream should be 
oxygenated and/or the amount which should be blended with a paraffinic-rich stream will be dependent, in 
part, on the solub.lrty. melting point and boiling point of the oxygenated aromatics. Oxygenating typical 
aromatics frequently increases the melting point, boiling point and decreases the solubility of the aromatic 
components. Thus, the boiling point, melting point and solubility effects will be significant factors in 
prepanng oxygenated middle distillate fuels. The hydrocarbon fuel, preferably may comprise about 05 to 
about 75 weight percent alkyl aromatics and/or hydroaromatics. more preferably about 2 to about 50 weioht 
percent alkylaromatics and/or hydroaromatics and most preferably about 5 to about 30 weight percent 
alkylaromatics and/or hydroaromatics. M 

A series of tests were conducted on simulated aromatic-rich streams to demonstrate that the actual 
cetane blending number obtained when the aromatic fractions were replaced by their oxygenated analogs 
closely approximated the theoretical cetane blending number. These data are reported in Tables VI and VI 

° 0mP ! ete conversion 6f * e compounds to ketones and alcohols, while 

the data for Blend II reflects complete conversion of the aromatics to alcohol. 
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The invention will be further understood by reference to the Examples below. 



EXAMPLES 



ss In the examples, cetane number was determined using a standard cetane engine according to ASTM D- 
613. The feeds used in Examples 1, 2 and 3 each contain aromatic and/or hydroaromatic compounds 
containing benzylic carbon atoms. 
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Example 1 

In this Example an SO2 extract of a heavy aromatic naphtha was oxidized according to the process of 
this invention. Thus, 800 ml of the extract, 800 ml of acetonitrile, 177 grams of CuSO^SHsO, 1500 ml of 
distilled water and 1,000 grams of potassium persulfate were placed into a 5 liter, 3 necked flask equipped 
with an air driven mechanical stirrer, thermometer and water condenser. This mixture was rapidly heated to 
65°C with stirring and then further slowly heated to 70-75°C. The mixture was then kept at a reflux 
temperature of 77-78°C with stirring for 3 hours after which it was cooled to room temperature using ice 
cooling. 

The aqueous portion of the reacted mixture was removed by decanting and the oily product was 
washed with distilled water and the acetonitrile removed using a thin film evaporator. The remaining solids 
were rinsed with ether and the ether rinse added to the oil. This mixture was then washed with distilled 
water and the ether removed from the oxidized, oily product using a thin film evaporator. Elemental analysis 
of the oxidized product is set forth below. 



Element Weight Percent 

C 86.14 
H 9.93 
N <0.35 
S 0.38 



This oxidized product was then contacted with the potassium persulfate oxidant in the presence of an 
aqueous dispersion of the copper sulfate catalyst as set forth above. Thus, 1,265 ml of the previously 
oxidized oil was mixed with 1,000 ml acetonitrile and, 120 g copper sulfate pentahydrate and 540 g 
potassium persulfate and 1,200 ml water. This mixture was treated as above by heating rapidly to 65-70'C 
and then more slowly to 75 P C, with the reaction mixture kept at a reflux temperature of 77-78°C with 
stirring for 6 1/2 hours. The reaction product was then left to cool to room temperature overnight Cooled 
reaction mixture was then treated as above with respect to water washing, removal of solvent and ether 
washing of solids, etc. Elemental analysis of both the oxidized product and the unoxidized extract which 
served as the starting material are set forth below. 

Weight Percent 



Element Starting Material Oxidized Product 

C 88.75 85.97 

H 10.45 9.79 

N <0.35 <0.35 

S 0.74 0.42 

0 0.08 2.94 



Comparison of this data with the data for the oxidized product resulting from the first extraction shows 
that the secon d oxid ation did not result in _any real significant change over the first oxidation. 



Cetane Blending Number Results 

The cetane blending number results are shown in Table VIII. These results definitely show the 
substantially increased cetane number results from blending the oxidized S0 2 extract with the base diesei 
pools as compared to the cetane number obtained by blending back a sample of the unoxidized SO2 
extract. 
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Example 2 

In this experiment. 800 ml of a hydrorefined diesel fuel distillate was combined with 800 ml acetonitrile, 
1,500 ml distilled water, 150 g of copper sulfate pentahydrate and 500 g of potassium per sulfate. This 
mixture was then heated, etc. following the procedure set forth in Example 1, except that an additional 100 
g of potassium persulfate was added after 3 hours refluxing. The reaction product was then washed with 
water, etc. as set forth in Example 1. Elemental analysis of the oily product is set forth below. 

Element Weight Percent 



C 87.36 

H 11.49 

N <0.35 

S 0,10 

« 0 0.98 

In contrast to this, elemental analysis of the oxygen content of the unoxidized extract showed an 
oxygen concentration of only 0.18%. 

Samples of both the oxidized and unoxidized extract were then blended with various diesel pool stocks 
20 and the cetane and cetane blending numbers obtained. The results of this experiment are set forth in Table 
IX and again, clearly demonstrate the process of the present invention resulting in substantially increased 
cetane numbers obtained by blending the oxidized extract with the base diesel pool as opposed to blending 
back the unoxidized extract 
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75 



Example 3 

In this experiment, a heavy hydrocrackate was oxidized, again using the procedure set forth in Example 
1. Thus, two separate batches of 800 ml of a heavy hydrocrackate were mixed with 800 ml acetonitrile, 
1,500 ml of distilled water, 150 g copper sulfate pentrahydrate and 450 g of potassium per sulfate and 
placed in 25 liter, etc. flasks. The reaction mixture after being heated was cooled to room temperature and 
let stand over the weekend. The cooled reaction mixture was then decanted water washed, and solvent 
removed, etc. following the procedure in Example 1. Elemental analysis of the unoxidized and oxidized 
heavy hydrocrackate samples are set forth below. 

Onoxidized Heavy Hydrocrackate 

Eleaent Weight Percent 

C 88.72 

H 11.62 

N 2 ppm 

S <1 ppm 

Oxidized Heavy Hydrocrackate 

Element Weight Percent 

C 87.22 

H 10.86 

N <0.35 

O 1,22 

30 The cetane blend number results employing both the unoxidized and oxidized heavy hydrocrackate 
diesel fuel distillate are set forth Table X. 
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Example 4 

In this Example, 5 grams of tetralin (Aldrich), 50 ml of toluene and 2.7 grams of n-decane were placed 
in a 3-neck, 100 ml flask equipped with a stirrer, thermometer, water condenser and air inlet bubbler and 
s heated up to 60°C. Air was introduced and after 5 minutes, 0.10 grams of a cobalt naphthenate (6% Co) 
catalyst solution (Nuodex) was injected into the solution. Air was continually introduced, with stirring, at 
60°C and samples were periodically withdrawn for gas-liquid chromotographic analysis. 

Analysis revealed that the conversion of tetralin to tetralone was 33.4% complete after 9 hours; 47.7% 
complete after 10 hours; 54% complete after 13 hours and leveled off at about 57% after 14 hours 

70 

Example 5 

This experiment was similar to Example 4 and demonstrates the necessity for employing a catalyst in 
75 the process of this invention. 

In this experiment, two batches each of 5 grams of tetralin (Aldrich), 50 ml of toluene and 2.7 grams of 
n-decane were placed in a 3-neck, 100 ml flask equipped with a stirrer, thermometer, water condenser and 
air inlet bubbler and heated up to 60°C. Air was continuously introduced into each flask and, after 5 
minutes, 0.10 grams of a cobalt naphthenate (6% Co) catalyst solution (Nuodex) was injected into only one 
20 of the solutions. The air was continually introduced into each flask, with stirring, at 60°C and samples were 
withdrawn for gas-liquid chromotographic analysis and mass spec, analysis after 24 hours and 42 hours. 

The analytical results revealed that without the catalyst present no tetralin was converted to tetralone 
after 42 hours. However, with the catalyst present, 57% of the tetralin was converted to tetralone after 42 
hours. 

25 

Example 6 

This experiment was similar to that of Example 5, except that the reactant was benzothiophene and this 
30 experiment was conducted in order to determine whether or not benzothiophene, a sulfur containing 
hydrocarbon compound, would react with the oxygen in the process of this invention. 

Accordingly, two batches each of 5 grams of benzothiophene (Aldrich), 50 ml of toluene and 2.7 grams 
of n-decane were placed in a 3-neck, 100 ml flask equipped with a stirer, thermometer, water condenser 
and air inlet bubbler and heated up to 60°C. Air was introduced into each solutiorv and, after 5 minutes, 0.10 
35 grams of a cobalt naphthenate (6% Co) catalyst solution (Nuodex) was injected into each solution. Air was 
continually introduced into each flask, with stirring, at 60°C and samples were periodically withdrawn for 
gas-liquid chromotographic analysis and mass spec, analysis after 24 hours and 42 hours. 

The analytical results revealed that in neither case, with or without the catalyst present, did the 
benzothiophene react with the oxygen even after 42 hours. 

40 

Claims 

1. A process for increasing the cetane number of a middle distillate fuel fraction which contains 
45 aromatic and hydroaromatic hydrocarbon compounds having benzyiic carbon atoms which comprises 

contacting said fraction with oxygen or an oxidant at a temperature below about 200°C in the presence of a 
catalyst for a time sufficient to selectively oxidize at least a portion of said benzyiic carbon atoms to 
ketones. 

2. A process as in claim 1 comprising the step of recovering a middle distillate fuel fraction of increased 
so cetane number. 

3. A process as in claim 1 or claim 2 in which the middle distillate fuel fraction of increased cetane 
number is blended with another middle distillate fuel fraction whose cetane number has not been increased. 

4. The process of any one of claims 1 to 3 wherein said catalyst comprises at least one non-oxide 
compound of one or more catalytic metals selected from tin, antimony, lead, bismuth and transition metals 

55 of Group IB, IIB, VB, VIB, VIIB and VIIIB of the Periodic Table. 

5. The process of any one of claims 1 to 4 wherein said fraction is a hydrorefined fraction. 

6. The process of any one of claims 1 to 5 in which the catalyst is a soluble catalyst 

7. The process of any one of claims 1 to 6 wherein said catalyst is an oil-soluble metal salt. 
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8. The process of claim 7 wherein said oil-soluble metal salt is cobalt naphthenate. 

9. The process of any one of claims 1 to 7 wherein said catalyst is water-soluble. 

10. A process as in any one of claims 1 to 9 which comprises the steps of. 

(a) extracting at least a portion of the aromatic and hydroairomatic hydrocarbon compounds present in 
said fraction to form an extract rich in said aromatic and hydroaromatic hydrocarbon compounds and a 
raffinate reduced in aromatic and hydroaromatic hydrocarbon compounds; 

(b) contacting said extract formed in step (a) with oxygen or an oxidant in the presence of a catalyst 
at a temperature below about 200°C for a time sufficient to selectively oxidize at least a portion of the 
benzylic compounds in said extract to increase the cetane number thereof, and 

(c) blending at least a portion of the oxidized extract formed in (b) with a middle distillate fuel fraction 
to increase its cetane number. 
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